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Abstract
A high performance liquid chromatography/mass spectrometry (HPLC/MS) method was developed in support of a study to assess potential
tertiary risks posed to insectivores by strychnine baited pocket gophers (Thomomys sp.). Necropholous insects are primary consumers of pocket
gopher carcasses. A field study was conducted to collect insects from strychnine-baited and control pocket gopher carcasses. The majority
of the insects collected were from the orders Diptera (flies, assayed separately as adults and larvae), Coleoptera (beetles), and Hymenoptera
(ants and wasps, assayed separately). Samples (0.5 g) were extracted in acetic acid (2%) and analyzed with the mass spectrometer configured
for tandem mass spectrometry. For most of the samples the strychnine concentrations were less than the method limit of detection. However,
strychnine concentrations as high as 0.338, 0.341, 0.698, and 0.034g/g were detected in ants, fly adults, fly larvae, and beetles, respectively.
This information collected with the HPLC/MS method is critical for assessing potential non-target hazards for insectivores.
© 2004 Elsevier B.V. All rights reserved.
Keywords: Strychnine; Mass spectrometry; Tertiary risk
1. Introduction
Pocket gophers (Thomomys spp.) are small fossorial
rodents indigenous to the western United States. Strychnine
bait [steam-rolled oats with 5% strychnine (4,6-methano-
6H,14H-indolo[3,2,1-ij]oxepino[2,3,4-de]pyrrolo[2,3-h]qu-
inoline, Fig. 1)] can be applied to an active pocket gopher
burrow system as a lethal means of control during refor-
estation efforts [1,2]. For pocket gophers strychnine has
an estimated LD50 of 8 mg/kg and results in death within
20 min following consumption of a lethal dose [3].
The pocket gopher carcass may pose significant secondary
risk as the pocket gopher can store large quantities of bait in
∗ Corresponding author. Tel.: +1 970 266 6062; fax: +1 970 266 6063.
E-mail address: randal.s.stahl@aphis.usda.gov (R.S. Stahl).
cheek pouches, up to 300 grains [4]. Carcasses are rarely
recovered above ground and are assumed to be consumed
primarily by insects. Insects have been observed to be sig-
nificant in the decomposition process for rodents and small
birds [5–7]. The secondary risk posed to insects by pocket
gopher carcasses containing strychnine is not known. How-
ever, no mortality was observed in ants consuming strychnine
at doses of 0.1–0.5 mg/kg [8].
To assess the potential exposure and tertiary risks
to insectivores feeding on insects that have fed upon
pocket gopher carcasses following strychnine baiting, a
high performance liquid chromatography/mass spectroscopy
(HPLC/MS) method was developed to quantify strychnine
in insects. Numerous methods exist for quantifying strych-
nine using HPLC in baits [9,10], animal tissues, vomitus, or
stomach contents [9,11,12], and a few exist for analyzing hu-
1570-0232/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
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Fig. 1. The structure for strychnine (4,6-methano-6H,14H-indolo[3,2,1-
ij]oxepino[2,3,4-de]pyrrolo[2,3-h]quinoline).
man urine or blood samples as strychnine has been used to
treat non-ketotic hyperglycinemic infants [13,14] or human
forensic applications [15]. Methods using both normal phase
chromatography [12–14] and reverse phase chromatography
with [10,11,16,17] or with out an ion-pairing reagent [9,16]
have been developed.
These methods have had the advantage of large sample
size, high strychnine concentrations, a single tissue matrix
and commonly rely on large extraction volumes using
halogenated organic solvents. In this study we were faced
with small sample sizes (individuals <0.2 g), whole organ-
ism matrices of varying ages and stages of development
(highly heterogeneous), and anticipated low concentrations
of strychnine. We elected to analyze the samples with
HPLC/MS. The advantage of using HPLC/MS for these
analyses was that the chromatographic isolation of the
strychnine from all co-eluters was not necessary as the
mass spectrometer operating in the tandem (MS3) mode
provided a high degree of specificity and sensitivity for
strychnine. To address anticipated problems with highly
variable concentration ranges in the samples and possible
matrix effects, on-column focusing was evaluated as a means
of achieving adequate sensitivity and reproducibility.
2. Materials and methods
2.1. Reagents
Solvents used included methanol, Fisher Scientific HPLC
grade, ethanol, Aldrich reagent grade, ethyl acetate, Burdick
& Jackson, and HPLC grade H2O, Fisher Scientific, N,N-
dimethyl formamide, Fisher Scientific. Chemicals used were
acetic acid, Fisher Scientific, NaOH, 50% in H2O, Fisher
Scientific, and strychnine, Aldrich, certified 100% pure.
2.2. High performance liquid chromatography,
on-column focusing of strychnine
To determine the retention coefficients used to calculate
the theoretical maximum injection volume using the ap-
proach of Mills et al. [18], a 0.27g/mL strychnine stan-
dard was analyzed with an Agilent (Palo Alto, CA, USA)
1100 HPLC system with an ultra-violet multiple wavelength
detector (MWD-UV), at λ= 254 nm. A 10L sample was
injected onto a Phenomenex (Torrence, CA, USA) Luna C-
18(2), 5m particle size, 150 mm× 2.0 mm column with a
Phenomenex Luna C-18(2), 5m particle size guard column.
The retention coefficients were determined in both the sam-
ple solvent 10% MeOH:90% acetic acid (2%), and in mobile
phase; 80% MeOH:20% acetic acid (2%) at a flow rate of
0.25 mL/min. Hold up time was determined by repeatedly
injecting 10L of N,N-dimethyl formamide.
2.3. High performance liquid chromatography/mass
spectrometry
The standards and insect extracts were analyzed with
an Agilent 1100 HPLC system with an ultra-violet multi-
ple wavelength detector (MWD-UV) detector connected to
a Finnegan LCQ Mass spectrometer. A 50L sample was
injected onto a Phenomenex Luna C-18(2), 5m particle
size, 150 mm× 2.0 mm column with a Phenomenex Luna
C-18(2), 5m particle size guard column. The separation
was performed at a flow rate of 0.25 mL/min with a gradi-
ent elution, starting with 100% acetic acid (2%), ramping
to 20% acetic acid (2%): 80% MeOH over 2 min. This ra-
tio was maintained for an additional 7 min. The column was
re-equilibrated with 100% acetic acid (2%) for 15 min. The
separation was performed under ambient temperature condi-
tions. Strychnine elution from the column was monitored at
λ= 254 nm with the MWD. The electrospray ionization inlet
(ESI) on the MS was configured with a capillary temperature
of 220 ◦C, a capillary voltage of 36.0 V and an ionization
spray voltage of 4 kV. The sheath and auxiliary gas were N2
with flow rates of 1.275 and 0.3 L/min, respectively. The di-
vert valve was closed from 0 to 6 min preventing sample from
entering the MS detector. Strychnine was quantified using the
MS detector with the instrument configured for MS3. Scan
events were in the positive ion mode (70–350 m/z) with one
microscan using a 400 ms ion injection time. The parent ion
isolated was m/z= 335. At MS2 the isolated fragment was
m/z= 264. At MS3 the fragment was m/z= 234. This ion was
quantified for the determination of strychnine concentration
in the samples. Strychnine eluted at approximately 7.2 min.
2.4. Sample extraction and analysis
The extraction was developed for a 0.5 g cricket sam-
ple (approximately two crickets). Recoveries were verified
with fortified adult and larval flies (Diptera) as well as ants
(Hymenoptera). Additional insect matrices analyzed with the
method included wasps (Hymenoptera), other Hymenoptera,
Coleoptera, and other insects. Lack of sufficient sample pre-
cluded verifying the method for all matrices. Smaller sample
sizes were analyzed using the same procedure. The extraction
consisted of adding 10 ml of 2 M NaOH, 5 mL of 5% ethanol
in ethyl acetate followed 5 mL of hexane to a sample. The
mixture was ground with a Brinkmann (Westbury, NY, USA)
Polytron tissue homogenizer, and the test tube was capped
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and shaken on a mechanical shaker on the high setting for
10 min. This solution was centrifuged for 2 min after which
the organic layer was collected and the organic extraction re-
peated. The organic volumes were combined and evaporated
to dryness under a mild stream of N2 at 60 ◦C. The sample was
reconstituted in 5 mL of 90% acetic acid (2%) 10% MeOH,
shaken for 10 min, and sonicated for 15 min. An aliquot was
filtered through a Teflon filter (0.45m pores) into an LC vial
and capped prior to analysis with the LC/MS. When sufficient
sample mass was available, samples were sub-sampled prior
to analysis. However, in most cases sample mass prevented
replicate sampling.
3. Method development and validation
The linear range of the method was established using
standards at concentrations of 0.0027, 0.0055, 0.011, 0.055,
0.11, 0.164, 0.219, and 0.274g/mL, injected in triplicate,
using the LC/MS method described previously. A linear
regression equation was calculated with peak areas (from
m/z= 234) as the dependent variable and concentration as
the independent variable (SAS, Cary, NC, USA, version
8.2). The residuals and the correlation coefficient were cal-
culated to assess linearity. The peak heights from replicate
injections of the 0.0027g/mL standard and the baseline
noise from a solvent blank (10% MeOH/90% acetic acid
(2%)) were used to calculate the instrument limit of de-
tection (ILOD) where the ILOD was defined as a signal
peak height three times the average baseline noise, mea-
sured peak to peak. When analyzing insect samples, a stan-
dard curve from a single stock source was injected every 10
samples.
Crickets were obtained at a local pet shop and frozen prior
to analysis. Samples (∼0.5 g) were weighed into a glass test
tube and fortified with 25L of a 1g/mL or 50L of a
10g/mL strychnine standard stock solution. Four replicates
at each concentration were assayed at three different days
to provide for inter and intra-day comparisons. The method
limit of detection was determined from the cricket samples
fortified with 25L of a 1g/mL strychnine standard and
unfortified controls. The MLOD was defined as the mini-
mum signal that would produce a peak height three times
the baseline noise, measured peak to peak, in the unfortified
controls. The method limit of quantitation was calculated as
the minimum signal that would produce a signal five times
the baseline noise, measured peak to peak. Recovery effi-
ciency of the method was confirmed for ants and adult and
larval flies collected from control (no strychnine) pocket go-
pher carcasses fortified with 50L of a 10g/mL strychnine
standard. Three replicates of each insect matrix were assayed
for comparison with the fortified cricket results. Insufficient
sample size precluded additional treatments. During daily
sample analysis, a set of fortified cricket samples (two con-
trol, two at ∼0.05g/g, two at ∼1g/g) were extracted and
analyzed for QC purposes.
3.1. Insect collection
Insects were collected from the pocket gopher carcasses
at selected field sites in the Rogue River National Forest,
WA during August 1999. Carcasses (n= 5 strychnine treated,
n= 5 controls) from pocket gophers that had been collected
following a baiting application in the field were placed in wire
insect traps and set in the field for 5 days. Traps were checked
daily and insects were collected. After the fifth day, the car-
casses were necropsied and Diptera larvae were collected.
The insects were sorted into the following categories; ants,
wasps, other Hymenoptera, Diptera adults (fly), Diptera lar-
vae (fly), Coleoptera, and all others. The insects were frozen
until analyzed. Means, standard deviations, and maximum
values observed, were determined for the insects analyzed
using the method described.
4. Results and discussion
4.1. Calculation of maximum injection volume
The retention coefficient for strychnine in the mobile
phase averaged 5.77 (N= 3) with a mean plate number of
26,757. The mean retention (N= 3) coefficient for the sam-
ple solvent was 22.19 with a mean plate number of 338. A
maximum injection volume of 73L was calculated for the
chromatography conditions to be used in the method using
these values [18]. We elected to use a 50L injection volume
to allow for possible matrix interferences.
4.2. Proposed ion fragmentation
Electrospray ionization (ESI) is a relatively soft ioniza-
tion source for producing ion fragments, similar to chemical
ionization in GC/MS. The proposed ion fragments that we
detected at each stage of the tandem mode of operation of the
MS are presented in Fig. 2 and are similar to those expected
for strychnine using EI/GC/MS [19].
4.3. Method validation
The standard curve for strychnine was determined to
be linear across the range of 0.0027–0.274g/mL with an
R2 = 0.99. The ILOD determined from the peak heights
for the 0.0027g/mL standard and the solvent blanks was
0.00016g/mL.
The method was developed and validated using crickets
due to the ease with which they could be acquired. The de-
cision to use crickets as a matrix was not anticipated to bias
the method as there is a high degree of selectivity when using
MS3. A gradient elution was used with the LC to elute as
much of the co-extracted material off the column as possible
before passing the strychnine into the mass detector. Out-
put from the multiple wavelength detector was monitored for
each sample as a means of tracking column performance.
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Fig. 2. Proposed ion fragments detected at each stage during tandem mass spectrometry (MS3).
Table 1
Percent recovery data for fortified cricket, ant, fly adult and larvae samples
Matrix Day n Mean mass (g) Treatment level Mean fortified level (g/g) Recovery (%) CV (%) Mass vs. % rec (R2)
Cricket 1 5 0.5272 ± 0.0828 Control < MLOD nc nc
5 0.6187 ± 0.0937 Low 0.0417 89.6 ± 4.7 5.2 0.417
5 0.5235 ± 0.0523 High 0.963 77.9 ± 4.9 6.3 0.337
2 4 0.5642 ± 0.0523 Control < MLOD nc nc
4 0.6087 ± 0.0410 Low 0.0429 64.6 ± 6.6 10.2 0.689
5 0.6359 ± 0.0686 High 0.817 76.9 ± 11.4 14.8 0.872
3 5 0.5298 ± 0.0331 Control < MLOD nc nc
5 0.5186 ± 0.0257 Low 0.0483 80.6 ± hbox 9.5 11.8 0.076
5 0.5625 ± 0.0523 High 0.891 79.1 ± 3.4 4.3 0.441
Ant 4 3 0.3377 ± 0.0585 High 1.63 75.9 ± 2.4 3.2 0.931
Fly adults 4 3 0.4767 ± 0.0607 High 1.14 70.3 ± 3.8 5.4 0.886
Fly larvae 5 3 0.5110 ± 0.0616 High 1.07 64.8 ± 5.1 7 0.025
Inter- and intra-day recoveries for strychnine (Table 1)
for the low level fortification (25L of a 1g/mL standard
stock solution) ranged from 64.6± 6.6 to 89.6± 4.7. For
the high treatment fortifications (50L of a 10g/mL
standard stock solution) recoveries ranged from 76.9± 11.4
to 79.1± 3.4. Where low recoveries occurred, there tended
to be a significant correlation (R2) between sample mass
and decreased recovery when a linear regression of percent
recovery was calculated against sample mass (Table 1). The
average MLOD for the 3 days the fortified crickets were
analyzed, calculated from the low fortification treatment
samples and the controls, was 0.00663g/g. The limit of
quantitation for the fortified cricket samples was 0.014g/g.
On-column focusing provided adequate sensitivity but not
repeatability and in hind-sight the inclusion of an internal
standard combined with on-column focusing would have
increased the robustness of the method.
There was a trade-off made in selecting to measure strych-
nine using MS3 between recovery and limit of detection.
There is less analyte reaching the detector for each increase in
n for MSn while there is a decrease in the noise level observed
in the baseline. Additionally, with increases in n there is an
increase in the probability that the peak detected is associ-
ated with the analyte being quantified. The percent recoveries
(Table 1) for ants, adult flies, and fly larvae were 75.9± 2.4,
70.3± 3.8, and 64.8± 5.1, respectively. These were consis-
tent with those observed in the fortified cricket matrices and
considered acceptable for the method.
Fig. 3. The UV-detector output at λ= 254 nm (A), the MS detector output at
m/z= 234 (B), and the ion mass spectrum from m/z= 70–350 at 7.27 min (C)
for a composite ant sample collected from a strychnine bait treated pocket
gopher carcass. Signals corresponding to 100% relative abundance in (B) and
(C) are 8.24E5 and 9.5E5, respectively. Proposed ion fragments atm/z= 206,
216 and 234 produced from the ion fragment parent m/z= 264 are identified
in (C).
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Table 2
Strychnine concentrations in insects from control and treated carcasses
Insect Treatment N Mean concentration (g/g) Standard deviation Maximum concentration (g/g)
Ants Control 13 – – <MLOD
Strychnine 13 0.130 0.149 0.338
Wasps Control 9 – – <MLOD
Strychnine 10 0.006 0.016 0.051
Other Hymenoptera Control 2 – – <MLOD
Strychnine 6 0.031 0.064 0.161
Coleoptera Control 8 – – <MLOD
Strychnine 13 0.004 0.011 0.034
Diptera adult Control 26 – – <MLOD
Strychnine 25 0.040 0.112 0.341
Diptera larvae Control 6 – – <MLOD
Strychnine 4 0.366 0.232 0.698
Other insects Control 3 0.167 0.289 0.501
Strychnine 5 – – <MLOD
4.4. Insect sample analysis
A chromatogram for ants collected from a strychnine
treated carcass (Fig. 3) is representative of the output of
the method when used to analyze samples. The low strych-
nine concentrations in the samples made it difficult to use
the UV-MWD to determine concentration (Fig. 3A). The
concentration of strychnine detected in this sample was
0.244g/g.
The majority of the insects collected from the car-
casses and analyzed with the method described above
(Table 2) were either ants or flies (adults and larvae).
Other insects collected included wasps (Hymenoptera), bee-
tles (Coleoptera), bees (classified as other Hymenoptera)
and tics (classified as other insects). In most cases, in-
sect samples were not sub-sampled but analyzed with n= 1
as there was insufficient sample mass to analyze repli-
cates. The standard deviations around the means reflect
the non-normal distribution of the samples that had quan-
tifiable levels of strychnine. The majority of the samples
analyzed had strychnine concentrations below the MLOD,
which averaged 0.0067g/g, for fortified cricket samples
extracted with each day’s samples. However, strychnine con-
centrations as high as 0.338, 0.341, 0.698, and 0.034g/g
were detected in ants, fly adults, fly larvae, and beetles,
respectively.
The data generated with this method have been incorpo-
rated into a risk assessment where risk quotients [20] were
calculated for pigeon (Passer domesticus), mouse (Mus mus-
culus), and bull frog (Rana catesbeiana) assuming that for
each species the daily diet consisted entirely of insects con-
taining strychnine at 0.276g/g (concentration at the 95th
percentile) [21]. In all three cases, the risk to the insectivore
was negligible based on calculated risk quotient values con-
siderably less than 0.1.
5. Conclusion
The method developed to determine strychnine concentra-
tion in insects that have fed on carcasses of pocket gophers
proved to be robust and sensitive. The results from a prelim-
inary study indicated that insects do accumulate sufficient
strychnine to be detectable in a sample size of 0.5 g. How-
ever, the levels of strychnine we observed do not appear to
pose a significant risk to insectivores. The method we devel-
oped will be used in future studies to expand the assessment
of tertiary risk that strychnine baited pocket gopher carcasses
pose to insectivores.
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